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Abstract 

Twenty-five  stations  in  the  Delaware  portion  of  the  C & D 
Canal  system  were  sampled  between  March  1971  and  December  1972. 

Both  grab  and  dredge  samples  were  collected  for  four  stations 
during  1972. 

More  than  50,000  invertebrates  of  23  species  were  collected 
and  identified.  The  dominant  organism  in  grab  and  dredge  samples, 
as  well  as  in  fish  stomachs,  was  Gammarus  dalberi,  Garveia  f ran- 
ds cana,  Limnodrilus  sp. , Neomvsis  americana,  Crangon  septemspinosa, 
Cyathura  polita  and  Chiridotea  almyra  were  also  abundant. 

Patterns  of  distribution  within  the  study  area  seemed  to  be 
associated  with  water  chemistry  parameters  and  substrate. 

Possible  effects  of  enlargement  of  the  C & D Canal  are  dis- 
cussed. 


Methods 


Benthic  invertebrates  were  sampled  quarterly  between  March 
1971  and  December  1972  at  15  stations  in  the  Delaware  River  ap- 
proaches and  the  eastern  half  of  the  C & D Canal  proper  (Figure  1). 

An  additional  10  stations  were  sampled  in  the  first  year  of  the 
study.  Canal  stations  were  located  near  the  center  of  the  channel, 
while  river  stations  were  usually  on  the  18  ft.  contour  at  the 
edge  of  the  channel  and  located  by  triangulation  from  shore  land 
marks  plus  radar  fixes  (Table  XXI). 

The  individuals  involved  in  field  operations  are  listed  in 
Table  I.  Three  replicate  samples  were  taken  at  each  station  from 
the  University  of  Delaware's  R.V.  Wolverine,  a 52  ft.  research 
vessel.  A subsample  for  sediment  size  analysis  was  usually  taken 
from  one  of  the  replicates.  The  sediment  analyses  will  be  described 
in  Part  B of  this  appendix. 

2 

Sampling  was  carried  out  with  a 0.1m  Van  Veen  type  grab  for  the 

2 

last  five  quarters  of  the  study.  A 0.1m  Petersen  grab  was  used  for 
the  first  three  collections  because  a Van  Veen  grab  was  not  available. 
When  this  instrument  was  obtained,  it  was  found  necessary  to  modify 

t 

it  by  the  addition  of  50  lbs.  of  lead  to  the  top  of  the  grab  bucket. 

A large  door  was  cut  in  the  top  to  facilitate  sediment  sampling  and 
reduce  shock-wave  scattering  of  animals  (Wlgley,  1967). 

Epifaunal  organisms  were  sampled  with  biological  dredges  on 
several  occasions.  A Menzles  trawl  (100cm  X 10cm  opening,  X 300cm 
long)  was  tested  in  September  and  December  1971.  A smaller  rectangular 
biological  dredge  (42.5  X 24.5  X 43cm)  was  also  used  in  December  1971. 
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In  June  1972  a Detritus-Sledge  built  to  the  design  of  Ockelmann 
(1964)  was  tested.  This  device  was  about  twice  the  size  of  Ockelmann's 
and  carried  a 50cm  X 20cm  X 100cm  bag.  The  wide  runners  on  this 
sledge  reduced  digging  In  soft  substrates  and  gave  a satisfactory 
sampling  of  the  eplfauna.  The  sledge  was  used  at  4 stations  In  the 
last  three  sampling  periods  of  this  project  to  supplement  the  regular 
infaunal  sampling  schedule. 

Salinity,  dissolved  oxygen,  water  temperature,  and  turbidity 
were  measured  at  each  station.  The  techniques  used  are  described 
in  Appendix  VII. 

Dry  weight  biomass  was  calculated  for  samples  from  Stations  2, 

7,  11,  and  19  for  all  eight  quarters  of  the  study.  Samples  preserved 
in  alcohol  were  dried  in  an  oven  at  70°C  to  constant  weight.  Weights 
were  checked  at  12  and  24  hours.  Covered  aluminum  dishes  were  used 
for  drying  the  samples. 

Identification  of  organisms  was  based  on  a number  of  sources 
(Smith,  1964;  Edmondson,  1959;  Pennak,  1953;  Watling  and  Maurer,  1973), 


Results  & Discussion 


Eight  quarterly  collections  were  made  In  the  Delaware  portion 
of  the  C & D Canal  study  area  between  March  1971  and  December  1972. 
The  combined  catch  In  grabs  and  eplfaunal  dredges  total  23  species 
which  are  listed  in  Table  III.  About  half  of  these  organisms  were 
caught  very  infrequently,  averaging  legs  than  two  per  quarterly 
collection. 

The  dominant  organism  In  these  samples,  in  numbers,  frequency 
of  occurrence,  and  biomass,  was  the  amphipod  Gamnarus  daiberl 
(Table  III).  This  species  was  only  recently  described  (Bousfleld, 
1969),  as  separate  from  Gammarus  fasciatus,  a common  fresh  water 
form.  Gammarids  are  eplfaunal  organisms  living  in  organic  debris 
and  vegetation  over  a variety  of  substrates. 

Fish  stomach  analyses  were  carried  out  on  340  fish  of  various 

species.  Grab  totals  are  the  summation  of  eight  quarters  of  col- 

2 

lections  with  a total  of  459  samples  of  0.1m  each.  The  sledge 
sauries  represent  three  collections  at  each  of  four  stations  total- 
ing 1,000m".  If  both  samples  were  quantitative,  a twenty-fold 
difference  would  be  expected.  Since  the  dredge  was  frequently 
filled  with  sediment  when  retrieved,  it  may  have  sampled  only  a 
fraction  of  the  area  covered.  Interpretation  of  data  collected  in 
this  fashion  is  limited  to  qualitative  comparisons,  and  the  grab 
samples  are,  therefore,  better  estimators  of  population  density. 

The  second  most  abundant  Invertebrate  was  the  hydroid  Garveia 
franclscana.  This  organism  was  found  in  colonies  attached  to  rock 


or  other  hard  substrate.  It  would,  therefore,  be  inefficiently 
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sampled  with  a bottom  grab,  and  estimates  of  its  abundance  are 

qualitative  at  best.  Substrate  materials  on  which  Garveia  was 

found  were  densely  covered,  usually  with  five  to  ten  colonies  per 
2 

cm  . It  is  to  be  noted  that  this  organism  was  not  found  in  fish 
stomachs,  as  were  the  other  common  Invertebrates.  Gamma r us  and 
Garveia  dominated  both  grab  and  dredge  samples,  together  comprising 
65%  and  88.9%  of  the  respective  totals. 

The  third-ranking  species  in  terms  of  abundance  was  the  tubl- 
ficid  oligochaete  Limnodrilus  sp.  This  organism  occurred  in  large 
numbers  at  stations  9-11  (Tables  IV  & V).  Tubiflcld  oliogochaetes 
are  indicators  of  subop timal  water  quality  when  they  are  dominant 
and  other  species  are  eliminated  (Aston,  1973).  Limnodrilus  ac- 
counted for  approximately  9%  of  organisms  taken  in  grab  samples, 
but  only  2.9%  of  dredge  totals.  This  discrepancy  may  be  explained 
by  the  fact  that  this  worm  is  primarily  a burrower  and  probably 
would  be  picked  up  in  a dredge  only  when  bottom  material  was 
scooped  up.  Its  poor  representation  in  fish  stomachs  may  also  be 
due  to  its  burrowing  behavior. 

The  two  lsopods,  Cyathura  and  Chirldotea,  accounted  respectively 
for  6.0%  and  8.2%  of  grab  samples  and  appeared  in  dredge  samples  and 
fish  stomachs  as  well.  Scolecolepldes  virldis . a polychaete  worm, 
made  up  another  5.7%  of  the  total  grab  collection,  but  was  not  a 
significant  contributor  to  dredge  or  fish  stomach  samples.  These 
three  species  together  with  Gamma r us , Garveia,  and  Limnodrilus 
account  for  more  than  90%  of  the  organisms  taken  in  grabs  during  the 
study.  These  can  be  considered  the  dominant  members  of  the  benthic 
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community  of  the  Delaware  portion  of  the  Canal  system.  Addition  of 


the  two,  shrimp-like  crustaceans,  Crangon  and  Neomysis,  from  the 


dredge  rankings  and  the  blue  crab  which  was  abundant  in  fish  trawls, 


completes  the  list  of  numerically  Important  macroscopic  Invertebrates. 


Two  demersal  crustaceans  were  more  frequently  found  in  fish 


stomachs  than  abundant  infaunal  organisms  such  as  Limnodrilus , 


Neomysis  americana,  a mysid  shrimp,  and  Crangon  septemspinosa,  a 


decapod,  were  respectively  second  and  third  in  abundance  in  fish 


stomachs.  Neomysis  was  third  in  abundance  in  dredge  samples,  but 


neither  shrimp  was  common  in  grabs.  Since  both  are  efficient 


swimmers,  they  would  be  expected  to  escape  the  grab.  Crangon  is 


found  in  the  water  column  as  well  as  near  the  bottom  and  was  sampled 


more  efficiently  by  the  fish  than  by  either  sampling  device.  Neomysis 


is  also  a strong  swimmer  but  is  less  active  in  daylight  hours  than 


Crangon.  Both  of  these  animals  occurred  in  large  numbers  only  in 


the  September  samples.  This  prqnounced  seasonal  cycle  is  supported 


by  the  incidental  capture  of  Crangon  in  fish  trawls  only  during  the 


fall.  It  is  worthy  of  note  that  these  relatively  mobile  Invertebrate 


species  show  seasonal  changes  in  abundance  similar  to  those  seen  in 


most  of  the  fish  species  studied. 


Seasonal  cycles  in  numbers  of  benthic  organisms  were  less  well 


defined.  Numbers  of  animals  in  grab  samples  were  lower  in  March  than 


in  other  quarters,  but  otherwise  highly  variable.  Gammarus , Chi ri do tea 


almyra,  Corophium  lacustre.  and  Limnodrilus  were  most  abundant  in  the 


summer,  while  Cyathura  polita  showed  peak  populations  during  colder 


months.  The  environmental  periodicities  to  which  these  fluctuations 
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were  entrained  were  similar  to  those  shown  In  the  Delaware  fish 
survey  (Appendix  VII).  Temperatures  ranged  from  near  zero  In  winter 
to  27°C  In  mid-summer.  Salinity  was  quite  variable  but  tended  to  be 
highest  In  late  summer  (range  0.1  - 10  °/oo).  Dissolved  oxygen, 
being  an  Inverse  function  of  both  salinity  and  temperature,  dropped 
In  summer.  Concentrations  In  the  2-3  mg/1  range  were  not  unusual. 

The  physical  data  collected  In  conjunction  with  the  benthic  survey 
are  shown  in  Tables  IX  - XVI,  which  summarizes  the  individual 
quarterly  collections. 

Rangia  cuneata  shells  comprised  another  2X  of  the  grab  collection, 
but  only  six  living  clams  were  captured  in  the  entire  study.  Since 
most  of  the  shells  were  collected  In  the  Canal  proper,  it  is  hypothe- 
sized that  the  shells  are  washing  through  from  the  upper  Chesapeake 
Bay,  where  a viable  population  exists  (Appendix  III).  The  amphlpod, 
Corophium  lacustre,  also  accounted  for  about  2Z  of  individuals  in 
grab  samples  and  might  be  considered  of  marginal  significance  in  the 
ecology  of  the  area. 

Comparison  of  grab  totals  for  1971  and  1972  (Table  IV) , suggests 
a significant  increase  in  numbers  of  organisms  in  the  second  year  of 
the  study.  The  average  number  of  organisms  per  station  In  1972  was 
137.6  as  compared  to  69.2  In  1971  (Table  IV),  but  the  difference  is 
attributable  to  the  large  number  of  Garvela  in  the  June  1972  collection. 
It  was  mentioned  previously  that  these  hydroids  are  distributed  Irregu- 
larly, because  they  require  hard  substrate.  Of  the  3072  collected  in 
June  1972,  2885  were  on  rocks  in  the  sample  from  a single  station, 
number  15,  which  Is  in  a rocky  area  east  of  Pea  Patch  Island.  This 
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sample  also  contained  over  1000  Gammarus , many  of  which  were  In 
association  with  the  hydrolds.  If,  as  frequently  happens,  the  grab 
had  failed  to  pick  up  the  rocks,  the  collection  would  have  been 
reduced  by  about  4000  animals,  and  the  average  per  station  in  June 
would  have  been  about  150  instead  of  369.2.  Extending  this  hypo- 
thetical calculation  to  the  yearly  total,  yielded  an  average  for 
1972  of  70.9  animals  per  station  as  compared  to  69.2  in  1971.  Since 
our  observations  of  the  distribution  of  Garvela  support  the  chance 
occurrence  of  isolated  populations  of  high  density,  it  seems  reason- 
able to  conclude  that  this  extremely  large  sample  was  not  representa- 
tive of  the  overall  population.  Thus,  the  apparent  increase  in  number 
of  benthic  invertebrates  in  the  Canal  area  was  a sampling  artifact 
produced  by  the  non-random  distribution  of  Garvela. 

Grouping  of  stations  by  geographic  location  brought  out  some 
differences  in  the  species  makeup  of  benthic  populations  in  repre- 
sentative parts  of  the  study  area  (Table  VI).  Stations  1-3  were  in 
the  Canal  proper;  stations  9,  11,  12  north  of  the  Canal  near  the  Pea 
Patch  Island  jetty;  and  17,  19,  21  south  of  the  Canal  near  Reedy 
Island.  There  were  no  significant  differences  in  the  total  numbers 
of  organisms,  but  individual  species  were  distributed  in  consistent 


ti 


patterns  throughout  the  two-year  study. 

Garvela  franciscana  appeared  to  be  less  abundant  in  the  Canal 
proper  than  in  the  Delaware  River  approaches,  presumably  because  the 
necessary  hard  substrate  was  scarce  in  the  Canal  proper.  The  isopod 
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burrowing  organism  which  might  be  expected  to  be  most  successful 
in  fine  sediments.  Distribution  of  sediment  types  in  the  study 
area  was  considered  as  a potential  source  of  variability  in  benthic 
populations.  Description  of  sediment  types  at  bottom  sampling 
stations  is  presented  in  Table  VII,  and  additional  detail  will  be 
found  in  Part  B of  this  appendix.  In  general,  the  Delaware  portion 
of  the  Canal  had  a well  sorted  medium  to  fine  sand  substrate  prior 
to  dredging.  This  has  been  altered  by  slltatlon  at  station  2 and  3, 
with  the  change  correlating  well  with  the  times  of  dredging. 

The  dominant  benthic  species  in  the  Canal  proper  were  the  poly- 
chaete  Scolecolepldus  viridis , the  isopod  Chiridotea  almyra  and  the 
amphipod  Gamma rus  daiberi.  All  are  characteristic  of  sar.dy  crusta- 
ceans and  in  this  study  was  more  limited  in  distribution.  Gammarus , 
on  the  other  hand  being  an  epifaunal  organism  is  probably  less  limited 
by  substrate.  Chiridotea  was  also  common  at  sandy  stations  in  the 
river  such  as  stations  12  and  ]7  in  June  1971  (Table  X).  The  empty 
valves  of  Rang! a cuneata  which  are  thought  to  wash  through  the  Canal 
from  its  western  end,  were  concentrated  in  the  Canal  proper  and  also 
to  the  south  of  the  Canal.  This  is  presumably  a function  of  current 
movement  rather  than  substrate.  Relatively  few  Rangia  shells  were 
found  in  the  area  west  of  Pea  Patch  Island  which  dye  studies  have 
shown  to  receive  flow  from  the  Canal  when  flood  tides  coincide  in  the 
two  bodies  of  water. 

The  area  north  of  the  Canal  was  distinctive  in  being  dominated  by 
the  ollgochaete,  Limnodrilus  sp.  This  worm  can  thrive  in  heavy  sul- 
furous  silts  with  low  oxygen  concentrations.  Much  of  the  bottom 
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west  of  Pea  Patch  Island  was  of  this  type.  Grab  samples  contained 
oily  black  silt  which  had  a strong  hydrogen  sulfide  odor.  Clay  and 
sand  were  relatively  minor  constituents.  Limnodrilus  occurred  only 
rarely  south  of  the  Canal  although  suitable  substrate  was  available. 
Possibly  the  slightly  higher  average  salinity  limited  its  invasion 
of  this  area. 

Stations  to  the  south  of  the  Canal  were  dominated  by  silty  sub- 
strate with  the  exception  of  #17  and  #21  which  were  characterized  by 
moderately  well  sorted  fine  to  medium  sand.  Both  of  these  were  in- 
cluded in  the  group  of  stations  representing  the  area  south  of  the 
Canal,  and  may  bias  the  results  in  favor  of  organisms  associated  with 
sandy  substrates. 

The  organisms  associated  with  this  area  (Table  VI ) were  Corophium 
lacustre  and  Rhithropanopeus  harrisi . Corophium  is  a tube-dwelling 
amphipod  found  in  brackish  waters  (Brown,  1971)  and  Rhithropanopeus 
is  a euryhaline  decapod.  It  is  likely  that  salinity  rather  than  sub- 
strate is  the  most  important  factor  in  the  localization  of  these  two 
species  south  of  the  Canal. 

Biomass  values  were  obtained  for  four  selected  stations  throughout 

the  two  year  study  (Table  VIII).  Variation  between  weights  amounted 

to  several  orders  of  magnitude  as  was  the  case  for  the  numbers  of 

2 

animals  per  sample.  Replicate  grabs  totaling  0.3m  /station  were  ex- 
2 

trapolated  to  1.0m  for  purposes  of  comparison  with  data  from  other 

2 

sources.  These  values  ranged  from  0.023  to  1.263  g/m  . 

Station  #7  west  of  Pea  Patch  Island  was  most  productive  based  on 
a quarterly  average.  Gammarus  and  Limnodrilus  were  the  dominant 


organisms  in  these  samples  as  in  most  of  those  collected  north  of 

2 

the  Canal.  The  Canal  biomass  average  was  only  0.038  g/m  which 
could  be  an  underestimate  since  stations  #2  produced  fewer  organisms 
than  others  in  the  Canal.  Lack  of  biomass  in  the  Canal  proper  is 
also  probably  due  to  lack  of  substrate  variation  and  high  current 


velocities. 
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The  Invertebrate  populations  In  the  Delaware  part  of  the  Canal 
system  were  dominated  by  the  same  eight  species  throughout  the  two 
year  study.  Gammarus  daiberi.  Garveia  franciscana.  Limnodrilus  sp. , 
Chiridotea  almyra,  Cyathura  polita  and  Scolecolepldes  viridis  each 
accounted  for  more  than  5Z  of  the  organisms  collected  in  grab  samples. 
Neomysis  americana  and  Crangon  septemspinosa  were  rare  in  grabs , but 
abundant  in  dredge  collections.  All  of  the  above,  with  the  exception 
of  Garveia,  were  significant  in  the  diets  of  local  fish,  as  evidenced 
by  their  presence  in  stomachs  examined  during  the  study. 

Although  variation  between  samples  was  large,  it  was  possible  to 
document  patterns  in  the  distribution  of  the  more  abundant  species . 
Garveia  was  always  associated  with  hard  substrate  such  as  wood  or 
stones  and  seemed  to  be  less  abundant  in  the  Canal  proper  than  at 
River  stations,  possibly  because  frequent  dredging  prevents  accumula- 
tion of  suitable  substrate. 

If  the  slltatlon  observed  at  Canal  stations  (Part  B of  this 
appendix)  persists,  it  is  possible  that  the  present  benthic  species 
will  be  replaced  by  a community  of  animals  which  is  better  adapted 
to  fine  substrates.  Cyathura  polita  and  Limnodrilus  are  potential 
Invaders.  It  is  reasonable  to  assume  that  any  permanent  change  in 
the  water  quality  of  the  area  resulting  from  the  Canal  enlargement, 
would  be  limited  to  a slight  drop  in  salinity.  Since  most  of  the 
species  now  present  are  able  to  tolerate  fresh  water,  one  would  ex- 
pect only  a few  brackish  forms  such  as  Rhlthropanopeus  and  Corophlum 
to  be  affected,  and  overall  Impact  of  the  salinity  drop  would  be  minor. 


J 
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Examination  of  fish  stomach  contents  and  Invertebrate  biomass 
data  supports  the  conclusion  that  the  Delaware  end  of  the  Canal  is 
at  present  relatively  unproductive  and  serves  primarily  as  a highway 
for  transfer  of  mobile  fish  species,  and  their  eggs  and  larvae  between 
the  Chesapeake  Bay  and  the  Delaware  River.  Of  the  species  which 
utilize  the  Canal,  the  white  perch  and  catfish  should  be  most 
sensitive  to  changes  in  the  invertebrate  populations,  since  they 
depend  on  Invertebrates  as  a source  of  food,  and  remain  within  the 
Canal  system  year  round.  It  is  uncertain  what  changes  in  sedimenta- 
tion will  occur  in  the  first  few  years  after  completion  of  the  enlarge- 
ment, but  reduced  dredging  frequency  might  permit  expansion  of  the 
Canal's  benthic  community.  This  would  increase  the  probability  of 
the  Canal  supporting  a significant  resident  fish  population. 


wm 
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Table  I - 

Benthic  Study  Field  Operations 

Personnel 

NAME 

TITLE 

Responsibility 

Malcolm  H.  Taylor,  Ph.D. 

Research  Associate 

Field  Coordinator 

William  R.  Hall,  M.S. 

Biologist 

Identification  and 
Enumeration  of  Organisms 

Ronal  W.  Smith,  M.S. 

Resident  Biologist 

Field  Operations 

Lanny  M.  Katz 

Graduate  Assistant 

Field  Operations 

Neal  Parker 

Graduate  Assistant 

Field  Operations 

Milton  W.  Cooper 

Boat  Captain 

Vessel  Operations 

W.  F.  Carlsten 

Utilities  Mechanic 

Vessel  Operations 

David  Matthews 

Boat  Engineer 

Vessel  Operations 

lij 

SJ 


Table  II  - Comparison  of  0.1  m 

Petersen  and 

Van- Veen  Grabs  (Dec. 

1972) 

Station  # 

l 2 

/ 

Grab  Type 
Bottom  Material 
Grab  ( % Full) 

Species 


Garveia  franciscana 


Scolecolepides  viridis 


Rangia  cuneata 


Chiridotea  almyra 


Cyathura  polita 


Corophium  lacustre 


Ganmarus  daiberi 


Rhithropanopeus  harriai 


Lianbdrllus  sp. 


CaUdnectes  sapidus 


Van  V.  Pet.  Van  V.  Pet.  Van  V.  Pet.  Van  V 

Silt  Silt  sand  ffip 

100  70%  100%  85 


i 


Table  III  - Invertebrates  Sampled  in  Delaware  Bnd  of  C & D Canal  System. 

_ .3 


Totl^ 

in 


8 

6 


888 


Species 

Hydrozoa 

Garveia  franciacana 
Nematoda 

Unidentified 

Hirudinea 

Helobdella  st agnails 
Oligochaeta 

Limnadrilus  sp. 
Polychaeta 

Scolecolepides  viridis 
Nereis  succinea 
Cirripedia 

Balanus  balanoides 
Chthamalus  fragilis 
Isopod a 

Cvathura  polita 
Chiridotea  almyra 
Amphipoda 

Monocu lodes  edwardsi 
Gammarus  daiberi 
Corophium  lacustre 
Mysidacea 

Neomysis  americana 
Decapoda 

Crangon  septemspinosa 
Palaemonetes  sp. 
Rhithropanopeus  harrisi 
Callinectes  sapidus 
Insecta  (Larvae) 

Cryptochironomus  sp . 
Chaoborus  sp. 
Pelecypoda 

Rangia  cuneata  (valves) 
Anadara  ovalis 
Modiolus  sp . 

Ectoprocta 

Amathia  vidovici 


TOTAL  NO.  14,707 
No.  of  Samples  153 
Avg.  No. /Samples 96.1 


8K6- 

Sampl . 

cr 

Totl.2 

Sledge 

Rank- 

Sledgi 

Sampl 

i Cum 
% 

Fish 

Stom. 

Rank- 

Stom. 

Samp. 

2 

65.0 

9159 

2 

88.9 

0 

12 

9 

2 

3 

73.9 

1099 

4 

95.8 

14 

8 

6 

93.8 

20 

1 

3 

1 

5 

10 

0 

5 

88.1 

222 

8 

99.0 

26 

6 

4 

82.1 

404 

5 

96.9 

22 

7 

221 

9 

99.6 

’ 1 

33.8 

25,00 

1 1 

65.1 

3477 

1 

8 

80 

10 

99.8 

27 

5 

10 

97.4 

1530 

3 

93.0 

165 

2 

36  3 

6 

97.8 

98 

3 

7 

9 

97.0 

225 

7 

98.5 

3 

1 

0 

69 

4 

7 

95.8 

^o*ivi 

ng 

0 

12 

0 

38,384 

12 

3198.7 


1.  Grab  totals  are  for  15-25  stations  sampled  in  1971  and  1972  as  sunmarized  in 
Table  V. 

2.  Sledge  totals  are  for  4 stations  sampled  three  times  in  1972  as  summarized  in 

Table  V.  „ 

3.  Fish  stomach  totals  are  for  340  stomachs  of  6 species  as  sunmarized  in 
Table  IX  - XVII  of  Appendix  J." 


Table  IV 


[uarterlv  Totals  for  Crab  Samples 


G.  franclscana 


Nematode 


H.  8 1 serial  is 


Llmnodrllus  sp 


S.  viridis 


N.  succinea 


B.  balanoldes 


M.  edwardsi 


G.  dalberl 


C.  lacustre 


C.  septemsplnosa 


R.  harrisl 


Insect  larvae 
R.  cuneata  (valves)  37 


A.  ovalls 


Modiolus 


A.  vldovlcl 


Total  Organisms 
No.  Stations 

2 

avj/ station (0.3m  ) 
2 

est.  organlsms/m 


102 

736 

874 

6 

1 

2 

182 

86 

596 

25 

41 

318 

1 

1 

8 

4 

1 

62 

200 

616 

388 

51 

791 

0 

887 

1229 

2856 

91 

61 

126 

5 

1 

16 

1 

3 

0 

0 

18 

39 

90 

1 

5 

32 

34 

V” 

0 

o 

2 

1 

1 

1 

3 

16 

Total  Mar  June.  Sept  .Dec  Total  Total 


514  3717 

0 
4 

39  718 

125  517 

0 

I 

32  33 

0 

69  272 

36  491 

4 

619  2113 

1 102 
2 45 

5 
1 

17  81 


Total/ Station  T 1013  4392  2386*  9109 


1 


Table  VII  -DESCRIPTION  OF  SEDIMENT  TYPES  AT  BENTHIC  STATIONS  IN  THE 


STATION 


Hell  sorted  fine  sand  (generally) 

Well  sorted  medium  sand  (before  dredging) 

Poorly  sorted  silt  (after  dredging) 

Well  sorted  medium  sand  (before  dredging) 

Poorly  sorted  silt  (after  dredging) 

Well  sorted  medium  sand 
Moderately  well  sorted  fine  silt 
Poorly  sorted  fine  silt  and  clay 
Poorly  sorted  fine  sand  and  silt 
Moderately  well  sorted  slit 

Well  sorted  very  fine  sand  with  trace  of  silt 

Poorly  sorted  silt 

Well  sorted  medium  to  coarse  sand 

Well  sorted  fine  silt 

Poorly  sorted  silt  and  very  fine  sand 

Extremely  variable 

Predominantly  poorly  sorted  silt 

Moderately  well  sorted  coarse  silt 

Moderately  well  sorted  fine  to  medium  sand 

Very  poorly  sorted  fine  slit  and  clay 

Poorly  sorted  slit 

Poorly  sorted  fine  silt  and  clay 

Moderately  well  sorted  medium  sand 


0.535 


(1.)  Averages  per  m were  ^xtrapolated  from  0.3m  data. 
(2.)  Kean  of  average  per  in  for  each  station 


ry  Benthic 


146! 


Helobdella  atagnallks 
Waomvala  antarlcana 


iry  Benthic 


r^-  co  & 

>o  m 4 <N  A 

CM  -4  in^NHNr'^HP'OHlAHsJ 


mm 

liiiiiiw 

EuiiiSH 

IBUMg 

h ■ ??;;'  • ■£!:  Ir 
> 

p ■Bfcf 


co  4 h \c  h ir^ 


Total  animal*  J J J I I 

Per  Station  I 304  22  17  1 56  62  18  j 60  71  41  24  63  110  1462 


* Palaemonetes 
Crangon  aept. 
Neonyalraneus 


Summary  Benthic 


Chryptochirohomus 
Helobdella  stagnall 


Table  XIII  - Sumnary  Benthic  Data 


tat Ion 


Total  Animals 
Per  Station 


Animal 


mum 


Balanus  balanoides 


Sucnr.ary  Benthi 


Total  Animals  , ■ 

Per  Station  118  383  | 41%  680 
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Table  XXI 


BENTHIC  STATION  DESCRIPTION  FOR  C & D CANAL  SURVEY 


Stations  in  the  Canal  are  located  at  mid-channel  and  those  in  the  River 
predominately  on  18  ft.  contour.  Use  C & G.S  chart  #570  in  Canal  and  294  in 
the  Delaware  River. 

1.  Second  light  east  of  overhead  pipeline;  approximately  .75  mile  east 
of  Summit  bridge  in  canal. 

2.  West  of  St.  Georges  Bridge  approximately  .75  of  a mile,  second  light 
past  pier  in  canal. 

3.  Approximately  .5  miles  west  of  Delaware  City  Branch  Channel,  1st 
light  in  water  after  rock  pile  starts  south  side  (off  Ice  House  Point) 
in  Canal. 

4.  A beam,  quick  flashing  R "2"  at  Canal  entrance. 

6.  C & D Canal  entrance  Range-Move  east  to  28  ft.  depth  beyond  shipping 
Channel. 

7.  Place  most  southerly  storage  tank  at  Getty  terminal  in  line  with 
front  range  light  of  Delaware  City  range.  Sample  at  western  edge  of 
channel. 

8.  Located  on  same  east-west  range  as  7,  at  intersection  with  range 
formed  by  Spar  bouy  R "8"  and  buoy  "1"  at  entrance  to  Branch  Canal. 

9.  East-west  range  FI  "B"  on  bulkhead  bar  (Pea  Patch)  and  "F14  sec 
30  ft.  7M"  on  western  point  of  Klltfcohook  National  Wildlife  Refuge, 

N.J.  Move  west  across  deep  slough  to  western  edge,  use  18  ft.  depth. 

10.  Same  East-west  range  as  "9".  At  intersection  with  north  south  range 
formed  by  beacon  "A"  on  Bulkhead  Bar  Jetty  and  buoy  "1"  at  entrance 

to  Delaware  City  branch  canal. 

11.  Bulkhead  bar  range  at  intersection  with  range  formed  by  beacon  "E" 
on  Bulkhead  Bar  and  bouy  "40"  (Deep  water  point  Range) 

12.  Approximately  75-100  ft.  southeast  of  beacon  "E"  on  Bulkhead  Bar. 

13.  North-south  range,  buoy  "2B"  on  Bulkhead  Bar  Range  and  "FI  G 2% 
sec"  on  Pea  Patch  Island.  Sample  at  intersection  with  range  formed  by 
beacon  "B"  on  Bulkhead  Bar  and  "ID"  on  Deepwater  point  range. 


14.  Range  formed  by  beacon  on  Killicohook  Refuge,  N.J.  and  buoy  "ID" 
on  Deepwater  Point  range,  75-100  ft.  northwest  of  beacon. 


15.  Range  formed  by  monument  on  Killlcohook  Refuge  and  tank  to  east- 
northeast  (65  ),  approximately  100  ft.  from  small  sand  Island  located 
1500  yards  north  west  of  "FI  G"  on  Pea  Patch  Island. 

16.  Same  range  as  "15"  at  intersection  with  range  formed  by  "2B"  on 
Bulkhead  Bar  and  "FI  2 sec  B"  at  spoil  pumping  site. 

17.  North-south  range  formed  by  "C  27"  in  anchorage  3 and  "R  2"  on 
Canal  jetty.  Sample  0.3  mile  south  of  "C  27". 

18.  Northwest-southeast  range  formed  by  "C  27"  and  fork  0.3  miles  east 
of  Delaware  City  Branch  Canal.  North-south  range,  "IN"  (QK  FI)  and 
"8R" . 


19.  East-west  range  "5R"  and  spire  at  Port  Penn,  approximately  100 
feet  from  Dolphins  on  East  side  of  Reedy  Island. 

20.  East-west  range  formed  by  "5R"  and  spire  at  Port  Penn,  and  North- 
south,  "WR10R"  Reeiy  Island  Range  and  "2R"  (QK  FI) 

21.  Same  range  as  "20"  at»  intersection  wirti  range  formed  by  North-south 
"WR10R"  and  anchorage  white  nun  "B" 

22.  East  West  range  "C27"  and  "IN"  (QK  FI).  Sample  at  .5  mile,  265° 
"C27" 

23.  Same  range  as  "22"  intersection  "1"  (Qk  FI)  south  jetty  C & D 
anal  and  "3"  Delaware  City  ship  canal. 

24.  North-south  range  "C29"  and  "IC"  (Qk  FI)  and  intersection  formed 
by  East-west  standpipe  and  tank  .5  mile  north  of  New  Castle. 

25.  North-south  range,  army  maintained  structure  (FI.  2 sec)  .5  mile 
south  Delaware  Memorial  Bridge  and  front  range  light  deep  water  range 
and  intersection  of  standpipe  and  tank  .5  mile  North  of  New  Castle. 
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METHODS 

Grain  size  analysis  was  performed  on  a representative  portion 
of  the  sediment  obtained  at  each  benthic  sampling  station.  Sieve 
analysis  was  used  on  the  coarse  grained,  sand  and  gravel  portion 
and  pipette  analysis  was  used  on  the  fine  grained,  silt  and  clay 
material.  The  results  of  these  analyses  were  examined  for  both 
geographic  and  seasonal  variations  in  the  sediment  composition. 

The  coarse  and  fine  grained  portions  of  the  sediment  were 
separated  by  wet  sieving  the  entire  sample  through,  a 62  micron  sieve. 
The  sand-gravel  fraction  was  then  oven  dried  and  weighed.  Using 
a sample  splitter,  a thirty  to  seventy  gram  sample  was  obtained. 

This  sample  was  poured  into  a stack  of  sieves  graded  in  1/2^ 
intervals,  in  order,  coarsest  sieve  at  the  top,  pan  at  the  bottom. 

The  sieves  were  placed  in  a Ro-Tap  machine  and  shaken  for  fifteen 
minutes.  The  sand  trapped  by  each  sieve  was  then  weighed  on  a 
Mettler  top-loading  balance  to  0.01  gm. 

The  silt-clay  portion  of  the  sample  was  poured  into  a liter 
cy Under.  One  gram  of  dispersant  was  added  along  with  enough 
distilled  water  to  fill  the  cylinder  to  exactly  1000  ml.  The 

t 

cylinder  was  then  vigorously  shaken  to  distribute  the  sediment  uni- 
formly throughout  the  column.  When  the  shaking  was  stopped,  a 
timer  was  started;  and  after  fifteen  seconds  on  pipette  was  inserted 
into  the  suspension  to  a depth  of  twenty  centimeters  and  exactly 
twenty  milliliters  of  suspension  was  withdrawn.  Additional  pipette 


withdrawals  (20  ml  each)  were  made  at  specified  time  Intervals  and 
depths.  The  suspension  removed  was  expelled  into  a pre-weighed 
fifty  milliliter  beaker.  The  pipette  was  then  rinsed  with  distilled 
water,  and  the  rinse  water  expelled  into  the  same  beaker.  The 
beakers  were  placed  in  an  oven  and  evaporated  to  dryness.  They 
were  then  removed  from  the  oven,  cooled  and  weighed  to  0.001  gm. 

The  weight  of  the  sediment  in  each  twenty  milliliter  withdrawal 
was  determined,  then  multiplied  by  fifty  and  the  weight  of  the 
dispersant  subtracted. 

Knowing  the  weight  of  the  sediment  removed  from  the  suspension 
at  each  withdrawal  time,  the  grain  size  distribution  of  the  sediment 
can  be  determined.  Since  the  silt-clay  material  was  uniformly 
distributed  throughout  the  1000  ml  cylinder,  the  twenty  milliliter 
withdrawal  represents  1/50  of  the  total  amount  of  sediment  remaining 
in  suspension  at  the  time  and  at  the  depth  of  withdrawal.  All 
particles  larger  than  a given  diameter  have  settled  past  the  point 
of  withdrawal  after  a given  time,  according  to  Stokes  Law.  With 
each  successive  withdrawal,  the  diameter  of  the  largest  particle 
removed  by  the  pipette  becomes  smaller  and  smaller.  Based  on  time 
and  withdrawal  depth,  the  maximum  particle  size  present  in  each 
withdrawal  can  be  calculated.  Therefore,  the  difference  in  weight  of 
two  successive  withdrawals  represents  the  weight  of  a particular  size 
fraction.  By  making  pipette  withdrawals  at  the  proper  times  and 
depths,  a complete  grain  size  distribution  is  obtained.  These 
distributions  combined  with  the  data  from  the  sieve  analysis  were 
obtained  for  all  the  sampling  stations. 
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RESULTS 

Reviewing  the  grain  size  distribution  data  for  the  sampling  stations 
within  the  Canal,  some  interesting  differences  before  and  after  dredging 
are  revealed.  In  June  1971,  Station  2,  just  west  of  St.  Georges 
Bridge,  was  a well-sorted,  mediixn  sand.  After  dredging,  in  December 
1971,  a fine,  moderately-sorted  sand  was  obtained  at  that  location. 

By  March  1972,  a coarse,  poorly-sorted  silt  was  discovered  and 
subsequent  sampling  revealed  the  same  material  (December  1972  is 
typical) . 

At  Station  3,  In  the  area  where  the  Delaware  City  Branch  Channel 
intersects  the  Canal,  a similar  shift  in  bottom  sediment  type 
occurred.  September  1972  is  typical  of  the  pre-dredging  grain  size 
distribution,  revealing  a well-sorted,  mediun  sand.  Just  after 
dredging,  in  October  1972,  a slightly  finer  but  still  well-sorted 
sand  was  observed.  By  July  1973,  with  dredging  completed  in  the 
area,  the  appearance  of  a coarse  silt  was  noted  at  this  station 
also. 

The  introduction  of  the  coarse  silt  at  both  Stations  2 and  3 
is  probably  the  result  of  silt  washing  out  of  the  dredged  bottom 
material,  becoming  suspended  in  the  canal  waters,  and  finally 
settling  out  in  the  quieter  waters  of  the  deeper  canal  sections. 

It  is  quite  possible  that  this  coarse  silt  will  be  washed  away  when 
the  canal  deepening  has  been  completed.  The  bottom  sediment  will 
probably  return  to  being  a well-sorted  sand. 


Comparisons  are  possible  with  the  canal  sediments  and  with  bottom 
deposits  found  In  the  Delaware  River  adjacent  to  the  canal.  Station 
12,  east  of  the  Pea  Patch  Island  Jetty,  and  Station  17,  In  mid-channel 
south  of  Reedy  Point,  are  both  well-sorted,  coarse  sands  similar 
to  the  pre-dredging  canal  samples.  All  the  Stations  west  of  Pea 
Patch  Island  (Station  11  provides  the  best  match)  and  Station  19, 
south  of  Reedy  Point,  are  similar  to  the  poorly-sorted  silt  sediments 
observed  in  the  canal  after  dredging. 
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FIGURE  3 


Sediment  Size  Analysis  - Benthic  Stations  12,  11,  19 
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